Abstract
Based on [2] is discussed convergence layer, this research also purposed to a wider range of researchers who are active in the area of optical communications. One of author ECOC'2015 and ITU-T standard for NG-PON2 in November 2015, has analyzed that TC OLT with TWDM to be one of concern for research. This paper help researchers to take TWDM more reasonable.
The activity of the research is focusing on the NG-PON2 technology which can cope with future bandwidth requirements with the slogan pay as you grow [3] . NG-PON2 has been stan-dardized by the ITU-T G.989 standard and one of the architectural differences with the previous generation is the use of architecture Time Wavelength Division Multiplexing (TWDM). TWDM-PON is a cost-effective solution for primary and NG-PON2 [4] .
The studied about tunable wavelength on Optical Network Unit (ONU) has been released by [5] . Wavelength with 100 Ghz channel spacing in the C-Band is chosen. Line rate with 2.5 Gbps for residential service or 10 Gbps for business services is analyzed for considering the parameter of research. The journal wrote about the possibility for tunable transmitter and receiver for ONU colorless. There is four type for Transmitter and three for Receiver. In term of cost, Type Directly Modulated Laser (DML) Transmitter with Dispersion Compensation Technique (DCT), and Externally Modulated Laser (EML) without DCT can be one of the candidates to NG-PON2. The choosing device of Receiver, Optical Network Unit (ONU) is Heater-integrated TFF+PD with tuning time is s order.
The research [6] have demonstrated transceiver EML with SOA technologies for NG-PON2 with high power output <+ 6 dBm in 40 km transmission. The advantages Transmitter on EML (External Modulated Lasers) lies in the stability of the Mach-Zender modulator output when compared with DML (Direct Modulated Lasers). However, in terms of power output, DML has advantages compared to EML.
Besides the development of NG-PON2 with a bit rate of 40 Gbps, the research has been done up to 50 Gbps through the Non-Return to Zero(NRZ) On-Off Keying (OOK) [7] . The sig-nal modulation arrangement is a key issue for 40 Gbps Dense Wavelength Division Multiplexing (DWDM) fiber optical communication framework , which decides transmission quality and ghostly effectiveness. The results of [8] demonstrated that DRZ code has better transmission execution, are reasonable for long or center separation transmission, take care of the demand of business application. This paper [9] mostly does research and examination on against dispersive execution and hostile to nonlinear execution for intensity modulation, for example, NRZ, RZ, CS-RZ, DRZ, MD-RZ in 40 Gbps fast single-channel optical transmission framework. CSRZ code has higher ghostly productivity, higher scattering resistance, and nonlinear resilience than RZ code, making it more appropriate for long distance transmission.
The last paper that discussed cross talk for NG-PON2 is written by [10] . Their analysis about crosstalk for higher number customers and wavelength with range number channel 4 until 32, power splitter starts from 1:64 to 1:1024. The final result showed that using AWG channels can handle about 32 channel. In addition with different split ratio and with leveling method, accounting in this specific case for up to 19 dB.
The problem on fiber optic technology have limitations on the activities of the asymmetric optical medium. In a modern fiber optic technology, there are four issues, namely the Optical Signal to Noise Ratio (OSNR), non-linear effects, dispersion, and Polarization Mode Dispersion (PMD). Problems in OSNR can be strengthened by the addition of an amplifier [11, 12] , whereas non-linear overcome by designing the light intensity to the type of optical media [13, 14] . Dispersion problems have been studied by many researchers, such as the [15] using delay interferometer by utilizing a Mach-Zender at OLT. In contrast to the PMD, the effects of inhibiting the increase in speed on bitrate if above 10 Gbps and its countermeasures are relatively expensive [16] .
Several papers have not yet discussed the dispersion of the NG-PON2. This research has examined from different sides and offers one of the methods for compensation. In this research, selection DML as transmitter output power to keep down the appropriate reference of energy saving. Lack of DML in dispersion problems would be overcome with usage a novelty of combination SMF and DCF. In addition, the study has compared the value of the Q-factor of the power receiver as a performance parameter.
The contribution of this paper is placed Dispersion Compensation Fiber (DCF) cable on the NG-PON2 system. The purpose of the addition of DCF cable is to overcome the problems in the dispersive medium SMF cable and restore the shape of the polarization signal as when the TELKOMNIKA ISSN: 1693-6930 
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167 approach was first emitted. Moreover, it has studied the combination of the distance between cables DCF and SMF to produce a dispersion value approaches zero, also comparing the various power splitter on the cable systems that add DCF for scalability purposes. This paper is divided into five main sections. First, the introduction discusses the background of the problems of NG-PON2, and explain the sections of paper simply and convey the contributions that resulted from this research. Second, previous work discusses research related to paper. In addition, written with the homely purpose of each of these studies. Third, Architecture Design is to describe the parameters and forms designed networking. Fourth, Result and Analysis, related to the calculation and simulation in the scope and scalability. Fifth, Conclusion is a summary of the results of research that has been done
Research Method
The proposed of this architecture uses four wavelengths are stacked to increase capacity to 40 Gbps bit rate. By using several OLT 10 Gbps are stacked, one of the future goals with energy and cost saving will be achieved. The ISP does not need to buy 40 Gbps module. This can be overcome by 10 Gbps OLT stacked with TWDM. The performance degradation due to dispersion problems can be overcome by combining two optical cables. First, as the main fiber, using the Single Mode Fiber (SMF). Second, Dispersion Compensating Fiber (DCF), which aims to balance the dispersion occurs. By knowing the SMF and DCF specifications, we are able to determine the value of each fiber. Table 1 shows the selection of a combination within SMF and DCF. Simple calculations performed manually. By neglecting value of the asymmetric nature of fiber optics, computation is performed on the stability of the rise time budget. The calculation is done through the SMF parameters are effective area A eff = 80µm 2 
Results and Analysis
The analysis of system performance is based on the value of the Q-factor. One of the reasons Q-Factor compared with a BER (Bit Error Rate) because the Q-factor is high (more than 40), the BER will show the value 0 (zero), the study will be difficult because the trend line will not be optimal. ONU/OLT otherwise successfully transmitted, when the value of the Q-factor 6 where the equivalence of the BER = 10 −9 ( reference BER for Optical Network [17] ).Q-Factor is calculated by the variation range from 20 km to 100 km and a power splitter from 1: 4 to 1: 128. For comparison, the system was simulated and calculated without adding DCF cable.
The Combination Fiber as Long-Reach PON
By modeling using eight wavelengths (four for the downstream and four for upstream), a lot of factors limit the transmission performance as nonlinear effects, dispersion, loss cables, and devices. Problems nonlinear effects negligible because of a relatively small number of wavelengths. Power budget problems can be overcome by increased power transmit or additional amplifier. However, in contrast with the dispersion, no enhancements except accuracy in calculating the distance fiber. Table 2 shows a comparison of power receivers which use without additional wiring and DCF. Fiber using a cable-DCF, have lower power because the fiber loss is taken into account. So that the received power of the present system without DCF larger. Moreover, it appears that the value of the received power on the cable without DCF has a value that is linear. Use of extra DCF cables, resulting in the value of the received power becomes nonlinear. This would occur because of the transfer of transmission in different cable types. The nature of the optical nonlinear, affecting the calculation of link power budget. Differently, with the results of comparative analysis of Q-Factor, the use of additional cables DCF actually improve performance. Table 3 clearly states the value of the Q-factor on the system without DCF, none of which reached a value of 6. In addition, if we look more closely at any of the power received (at least -25 dBm) Q-factor is relatively stable regardless of the number of a splitter. Figure 2 determines the value of Q-factor at the 1:64 splitter systems that uses cables and cordless DCF. Comparison at 1:64 splitters been selected for the minimum standard set bitrate NG-PON2 is 64 for 40 Gbps. Figure 2 show the fibers that are added DCF has a better performance. It was due to pulse dispersion causes different velocity, the pulse carries a bit faster or slower causes an error in the detection bit. Should be noted that the cable-DCF not eliminate dispersion, but make almost stable pulse velocity to the receiver.
Power for High Scalability
Technology TWDM network NG-PON2, besides having a high speed and scalability, also apply conservation of energy saving [4] . In addition, NG-PON2 standard with a bit rate of 40 Gbps in ITU-T G.989 states that the minimum distance may transmit as far as 20 km and a power splitter 1:64 [18] . Figure 3 clearly states the maximum distance which can be reached by power 0 dBm is 70 km when the user number 64 with a value of Q-factor = 6.29. If desired distance of 100 km, the power splitter used is 1:16, but this is not in accordance with ITU-T standards. However, the addition of the amplifier can be one way to get a distance of 100 km with 1:64 splitters even 1: 128, due to dispersion can be overcome with the calculation this research. In addition, the increase in power will linearly with enhanced scalability range and a number of users. 
Conclusion
In this paper, TWDM network performance for NG-PON2 has been calculated and compared with the fiber without using DCF. The advantages DCF is on restoring stability pulse velocity variations. In addition, with the power splitter 1:4 and a lower power worth 0 dBm can produce a reach of 150 % further while another research need 6 dBm.
For further research, researchers can make comparisons and simulations on technology NG-PON2 by combining several other fibers such as Single Mode Fiber (SMF), DCF (Dispersion Compensation Fiber), True Wave fiber (TW), True Wave-Reduced (TW-RS ), Large Effective Area fiber (LEAF) and Non-Zero Dispersion-shifted fiber (NZDSF). The results obtained will help providers in developing NG-PON stage 2 in accordance with the environmental conditions. Although the optical cable already buried, but improvements can be done through a combination of fiber in access network without changing backbone network.
